The use of 2,2-bis(phenylsulfonyl)ethyl sulfides as efficient precursors of sulfenic acids is reported. These starting compounds, carrying both sulfone and sulfide residues, are obtained in one step from commercially available thiols and 1,1-bis(phenylsulfonyl)ethylene. Mild decomposition of the derived 2,2-bis(phenylsulfonyl)ethyl sulfoxides to sulfenic acids, in the presence of suitable acceptors, opens the way to the generation of a wide library of new sulfoxides not easily accessible through different synthetic pathways.
Introduction
Sulfenic acids 1 are generally transient species (Scheme 1), not isolable when no stabilizing structural feature is present in the R moiety directly linked to the sulfur atom.
Since the '90s part of our chemistry has been devoted to the employment of thiofunctionalized compounds in the synthesis of molecules of applicative interest. 6 In many cases the key step of the procedure has been the concerted syn-addition of sulfenic acids 1 to unsaturated systems. If severe conditions are needed for the thermolysis step -sulfenic acid formation / addition to unsaturation as a unique domino process -the yields of the desired products are notably affected. In fact, elevated temperatures favour the self-condensation of the sulfenic acids as well as their redox transformations. 7 Finally, most of the reported syntheses involving sulfenic acid intermediation lead to the formation of vinyl sulfoxides, resulting from sulfenic acid addition on an alkyne, while only few cases involving the addition of 1 to double bonds are reported. 2 This paper intends to demonstrate the central importance of 1,1-bis(phenylsulfonyl)ethylene (2) as a key reagent in the generation of sulfenic acids. The conversion of the sulfinyl precursors takes place even at room temperature (RT), thus limiting the formation of side products to very low yields. Moreover the mildness of the reaction conditions allows the easy addition of the intermediate sulfenic acid even to double bonds, in quantitative yields.
Results and Discussion
The first step of our project has been the preparation of sulfides 5 by reacting thiols 4 with an almost equimolar amount of strongly electrophilic 1,1-bis(phenylsulfonyl)ethylene (2) 8 in the presence of Triton B as a base (Scheme 2). 9 In order to evaluate the applicability of the method, four thiols have been chosen as models: an aliphatic one [cyclohexanethiol (4a) ], an aromatic one [benzenethiol (4b)], phenylmethanethiol (4c), and N-(tert-butoxycarbonyl)-L-cysteine methyl ester (4d).
Scheme 2
The nucleophilic addition of the obtained thiolate to the electron-poor unsaturation of 2 led to the formation of bis-sulfone sulfides 5 in quantitative yields. Subsequent controlled oxidation of 5 with meta-chloroperoxybenzoic acid (m-CPBA) at -78 °C gave sulfoxides 3 within a few minutes (Scheme 2).
In order to evaluate the capability of the newly formed sulfinyl systems in being good sulfenic acid precursors, sulfoxides 3b (racemic mixture) was thermolyzed in the presence of a typical alkyne acceptor, dimethyl acetylenedicarboxylate (DMAD, Scheme 3).
Scheme 3
The reaction was performed in dichloromethane (DCM) at 40°C, in the presence of an excess (1:6) of acceptor, using TLC to follow the consumption of the starting products 3b. The results obtained from the thermolysis of sulfoxides 3b in the presence of DMAD, in terms of reaction times and yields of the final addition products 7b, were compared with those obtained from sulfoxides 6 (racemic mixture), coming from the synthetic path shown in Scheme 3.
3 In both cases the vinyl sulfoxides 7b (racemic mixture) were the main products. The great difference in the reaction times between 3b and 6 (20 min versus 12 h), both in DCM, at 40 °C and with the same sulfoxide/DMAD molar ratio (1:6), gave us the confirmation that the thermolysis of the sulfoxide precursor is the rate limiting step of the total process and that the new precursor 3b requires shorter time with respect to 6 for decomposition to sulfenic acid 1b. This means that the two geminal sulfonyl groups render the β-hydrogen more mobile than in many other known starting products. All the sulfoxides 3 reacted in the same conditions, giving the addition products 7a-d, with comparable reaction times. Results are reported in Table 1 (entries 1, 4, 9, 12). The first outcome of these results is that sulfoxides 3 are too reactive to be stored, and therefore they have to be utilized as a crude in the subsequent reaction, at once after their formation by sulfide oxidation. This result could appear, at first sight, a limitation to our synthetic process. In other respects, the very high yields observed for the final vinyl sulfoxides 7 prompted us to test the same process, but in milder conditions. Kept in the presence of DMAD in the same sulfoxide/acceptor molar ratio 1:6 at RT, crude 3b led after 6 h to vinyl sulfoxides 7b in quantitative yield (Table 1, entry 5) . No products originated by self-condensation of 1b were isolated, thus demonstrating that the mild conditions applied for sulfenic acid generation are also optimal for the addition step.
The same method was applied for the addition to double bonds. In fact, while the addition reaction of sulfenic acids to triple bonds has largely been exploited in the synthesis of vinyl sulfoxides, a comment must be made about the addition to the carbon-carbon double bonds. In this last case the syn-addition has to obey to more strict steric demands and, before the sulfenic intermediate can succeed in reaching the unsaturation in a proper geometry, it can easily undergo self-condensation to produce thiosulfinates. 2, 13 For this reason very few are the examples of efficient syntheses of sulfoxides via sulfenic acid / alkene concerted syn-addition, most of them being intramolecular, because of the easier accessibility of a close double bond to be attached.
14 Otherwise, most of the reported examples of intermolecular addition of sulfenic acids to double bonds involve electron-poor unsaturations: it is suggested that in such cases the reaction follows a less-concerted, dipolar-like mechanism.
13
Sulfoxides 3 were then reacted at RT in neat methyl acrylate (Table 1, entries 2, 6, 10, 14) , and the unique products obtained in quantitative yields were the methyl 3-sulfinylpropanoates 8 resulting from the completely regioselective syn-addition of the sulfenic acids onto the electronpoor double bond. All the reactions performed in neat acceptor have been repeated in DCM, still at RT, with acrylate in excess (1:6) ( Table 1, entries 3, 7, 11, 15) . Those experiments aimed at estimating whether the sulfenic acid could attack the double bond even when not completely surrounded by the acceptor, but only in the presence of a reasonable molar excess: the yields compare with those obtained in neat acceptor, whereas reaction times are more or less doubled.
The above results bring confirmation that the method could be applied even in the presence of more expensive or not commercially available unsaturated acceptors, and this opens the way to many more applications. As reported in Table 1 , also the reactions of 3b,d in the presence of phenyl acrylate 15 gave good results (entries 8 and 16, products 9b,d). These findings are consistent with the smooth generation of the four sulfenic acids 1a-d and their clean addition to the double bond of both the acrylates.
A particular comment must be devoted to 3d, a case where two non-equivalent β-hydrogens are available with respect to the sulfoxide group, as already reported in our previous papers (Scheme 4). 
Scheme 4
Besides self-condensation of 1d, another side reaction is then expected to happen: the generation of a different competing sulfenic acid. The same situation having appeared in our previous works, 6b we had overcome the problem by using a precursor which could undergo thermolysis at 40 °C, thus minimizing formation of the undesired sulfenic acid. That was confirmed by the inspection of the 1 H NMR spectra of the crudes of our reactions of 3d with different sulfenic acid acceptors, all indicating the absence of the amino ester 10 (Scheme 4). In order to apply our method to the elaboration of new classes of three-branched molecules 6d containing sulfinyl or sulfonyl moieties we thought to synthesize trissulfoxides 12 (Scheme 5). The reaction of a six-fold excess of 3d [precursor of (R)-2-(tert-butoxycarbonylamino)-2-(methoxycarbonyl)ethanesulfenic acid (1d)] with trisacrylate 11 16 has been conducted in DCM at RT (Table 1 , entry 17).
ISSN 1551-7012
Scheme 5
The first results of this reaction show the formation of a mixture of diastereoisomeric sulfoxides 12, resulting from the completely regioselective addition of the sulfenic acid 1d onto the three vinyl groups in 11. In a first approach, the diastereomeric mixture 12 will be oxidized to a unique tris-sulfone, in order to rid ourselves of the sulfur stereogenicity. The next step will involve deprotection of amino and carboxyl moieties in the tris-sulfone, and evaluation of the biological activity of the enantiopure derivative obtained.
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Page 193The 2) was slowly added. The reaction was monitored by TLC (EtOAc / petroleum ether 1:3), to follow consumption of the starting product 4a-d. After completion, brine was added, the reaction mixture was extracted with DCM, and the collected extracts washed twice with brine. After drying over Na 2 SO 4 , the solution was filtered and concentrated under reduced pressure to give the reaction crude, then submitted to chromatographic purification (EtOAc / petroleum ether 1:3). All yields were almost quantitative. The characterization of sulfides 5a,b was consistent with the data reported in the literature. 7, 137.2, 136.5, 134.9, 134.5, 129.4, 129.3, 129.1, 128.9, 128.7, 128.5, 128.3, 127.1, and 127 .0 (C arom ), 83.9 (C-1), 37. Thermolysis of sulfoxides 3a-d in the presence of DMAD, methyl and phenyl acrylate, 2-propenoic acid 1,3,5-benzenetriyl ester (11). General procedure. A 0.2 M DCM solution of 3 was added, under continous stirring, of an excess of alkyne or alkene acceptor (1:6 molar ratio); then the reaction was maintained under stirring at RT or under reflux (Table 1) . When the reaction appeared complete by TLC (consumption of 3, EtOAc / petroleum ether 1:1, see reaction times in Table 1 ), the reaction crude was purified by flash column chromatography on silica gel (EtOAc / petroleum ether from 1:9 to 1:1). The yields were always > 70%. The characterization of the obtained sulfoxides 7b and 8b,c was consistent with the data reported by the literature. 7, 130.2, 129.6, 129.4, 128.7, and 128.5 (C arom and C-3) Thermolysis of sulfoxides 3a-d in neat methyl acrylate. General procedure. A 0.1 M solution of 3 in methyl acrylate was maintained under stirring at RT until full consumption of the starting sulfoxide (TLC control). The reaction crude was purified by flash column chromatography on silica gel (EtOAc / petroleum ether from 1:9 to 1:1).
1,1-Bis(phenylsulfonyl)-2-(benzylsulfanyl)ethane (5c

